The present study was conducted to clarify the effects of coumestrol administration 16 during pregnancy on Ca metabolism during pregnancy and in lactating mice. From 6.5 17 to 16.5 days post coitus (dpc), pregnant mice were administered at 200 µg/kg body 18 weight/day of coumestrol. The duodenum, jejunum and blood samples were obtained at 19 17.5 dpc or 10 days after parturition (dap). Coumestrol administration decreased 20 alkaline phosphatase (ALP) activity and mRNA expression of IAP and estrogen 21 responsive genes, c-fos and vascular endothelial growth factor (VEGF), in the 22 duodenum and jejunum of pre-delivery mice. In lactating mice, the ALP activity and 23 mRNA expression of IAP were not changed, although coumestrol administration 24 decreased mRNA expression of c-fos in the duodeum and VEGF in the jejunum. 25 Coumestrol did not affect serum Ca and the expression of vitamin D receptor protein in 26 the duodenum and jejunum. Thus, coumestrol administration during pregnancy may 27 decrease the mRNA expression of IAP and the ALP activity in the intestine of the 28 pre-delivery mice through ERα, but coumestrol had little effect on intestinal ALP 29 activity at 10 days after parturition. 30 31
INTRODUCTION
Phytoestrogens are plant-derived compounds that have similar chemical structures to 36 endogenous estrogens and the potential to mimic estrogen activity (Ososki and Kennelly, 37 2003). These chemicals can compete with 17β-estradiol for binding to estrogen 38 receptors (ERs), although their relative affinity to ERs and transcription activity are 39 substantially less than those of endogenous estrogens. Because phytoestrogens may help 40 to prevent carcinomas, heart diseases, osteoporosis and menopausal disorders (Ososki 41 and Kennelly, 2003) , it is expected that the phytoestrogens can be used for estrogen 42 replacement therapy to improve the health status of humans and animals. 43 Coumestrol, a phytoestrogen and the most prevalent coumestan derivatives, 44 interacts with ERs most strongly in phytoestrogens and has various physiological effects 45 through ERs in vivo and in vitro (Morito et al., 2002) . Ca plays a crucial role in some 46 targeted organs, and the demands for fetal accretion of Ca and output of milk are met by 47 physiological changes in Ca metabolism during pregnancy and lactation, such as renal 48 Ca conservation, increased Ca resorption from the skeleton or enhanced Ca absorption 49 (Kovacs and Kronenberg, 1997) . Estrogen plays some physiological role in Ca 50 homeostasis through intestine, kidney and bone (Farhan and Sundeep, 2005) . significantly (Dodge et al., 1996) . As of August 23, 2006, the Ministry of Health, 59 Labour and Welfare of Japan recommends intake of up to 30 mg per day of soybean 60 isoflavone. This corresponds to about 458-570 µg/kg body weight/day on the average 61 body weight of Japanese adults. Based on less than half this limit for isoflavone intake, 62 we previously examined the effects of coumestrol on Ca metabolism in the 63 post-delivery mice given 200 µg/kg body weight/day during pregnancy and showed that 64 coumestrol decreased activity of intestinal alkaline phosphatase (IALP) in both 65 duodenum and jejunum at 1 day after birth (Kirihata et al., 2008) . These results suggest 66 that coumestrol at a dose of 200 µg/kg body weight antagonizes the effects of ER on 67 expression of IAP mRNA, resulting in decreased activity of IALP in duodenum 68 (Kirihata et al., 2008) , but it is not clear whether coumestrol administration during 69 pregnancy affects expression of IAP mRNA and activity of IALP in maternal mice 70 before delivery and lactating mice. 71 The objective of this study was conducted to clarify the effect of coumestrol (Dulpuis et al., 1991; Halloran and De luca, 1981) . Estrogen 177 regulates activity and mRNA expression of IALP in rats (Matsumoto et al., 1997) and estrogen responsive genes, c-fos and VEGF, in mice (Hyder et al., 1991; Wang et al., 179 2009). Coumestrol has been shown to be an oestrogen agonist (Dodge et al., 1996; 180 Jefferson et al., 2002; Kanno et al., 2004; Ye et al., 2003) , and phytoestrogens increase 181 intestinal Ca uptake via enhancement of ALP activity in ovariectomized mice 182 (Mukherjee et al., 2006) . (Bouillon et al., 2003) . In this study, the VDR protein expression and the expressions of 204 VDR and ECaC2 mRNA in mice were not affected by the administration of coumestrol, 205 which agreed with the previous study (Kirihata et al., 2008) . The expression of VDR 206 mRNA is mediated by ERβ in human and rats, while the expression of murine c-fos and 207 VEGF are induced by ERα dependent pathway (Jelinsky et al., 2003; Wang et al., 208 2009 ). It has been reported that the estrogen-antagonistic action of coumestrol observed 209 in mouse brain is mediated by ERα (Jacob et al., 2001) and ERα mRNA expression is 210 much more abundant in murine duodenum than ERβ (Duan et al., 2006; Kanno et al., 211 2004; Smith et al., 2008) . Our results suggest that coumestrol regulates the expression 212 of IAP mRNA and the activity of IALP through ERα in mice. 213 Recent studies in IALP deficient mice reported that lack of IALP does not result in Figure 1 
